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Unstable, non-BPS D-branes in weakly coupled ten dimensional string theory have many
mysterious properties. Among other things, it is not clear what sets their tension, what is
their relation to the better understood BPS D-branes, and why the open string tachyon on
them is described by an effective Lagrangian which suggests that the tachyon corresponds
to an extra spatial dimension transverse to the branes. We point out that the dynamics of
D-branes in the presence of Neveu-Schwarz fivebranes on a transverse IR3 × S1 provides a
useful toy model for studying these issues. From the point of view of a 5 + 1 dimensional
observer living on the fivebranes, BPS D-branes in ten dimensions give rise to two kinds of
D-branes, which are BPS or non-BPS depending on whether they do or do not wrap the
S1. Their tensions are related, since from a higher dimensional perspective, they are the
same objects. D-branes localized on the S1 have a tachyon corresponding to their position
on the circle. This field is described by the same Lagrangian as that of a tachyon on a non-
BPS D-brane in ten dimensions. Its geometrical interpretation is useful for clarifying the
properties of non-BPS branes in six dimensions. If the lessons from the six dimensional
system can be applied in ten dimensions, the existence of non-BPS D-branes seems to
suggest the presence of at least one extra dimension in critical type II string theory.
1. Introduction
In addition to the familiar BPS Dirichlet p-branes, which have even (odd) p in type
IIA (IIB) string theory, the theory contains unstable, non-BPS Dp-branes with odd (even)
p in the IIA (IIB) case; see e.g. [1] for a review. The non-BPS D-branes play an important
role in string theory. In particular, wrapping them around various cycles often gives rise
to stable, non-BPS states. They also appear as possible decay products in the process of
annihilation of BPS branes and anti-branes. Conversely, the BPS D-branes can be thought
of as solitons in the worldvolume theory of the non-BPS ones.
Despite much work on the properties of non-BPS D-branes, many basic questions
about them remain unanswered. Some of the questions that motivated the present work
are the following:
(1) Why do these branes exist? The existence of BPS D-branes is natural since they are
the lowest lying states for a given RR charge. The non-BPS branes do not carry RR
charge: what fixes their tensions?
(2) Is there a direct link between the non-BPS branes and the BPS ones? What is the
significance of the fact that whenever p is even for the BPS branes, it is odd for the
non-BPS ones, and vice versa? As mentioned above, the two types of branes are
related by the dynamical process of open string tachyon condensation (as well as in
other ways), which further suggests a close connection between them.
(3) The fact that non-BPS D-branes are unstable is reflected in the presence of an open
string tachyon T in their spectrum. Many aspects of the on-shell dynamics of this
tachyon are captured by a spacetime effective action of the Dirac-Born-Infeld (DBI)
type1 [2-13],
Sp = −τp
∫
dp+1x
1
cosh T√
2
√
−detG , (1.1)
where τp is the tension of the non-BPS D-brane, and G is the induced metric on the
brane,
Gµν = ηµν + ∂µT∂νT + ∂µY
I∂νY
I . (1.2)
The scalar fields Y I (I = p+ 1, · · · , 9) living on the D-brane parametrize its location
in the transverse directions. The form of the induced metric (1.2) seems to suggest
that the tachyon direction in field space should be treated as an extra dimension of
1 Throughout this paper we set to zero the gauge field on D-branes, and use the conventions
α′ = 1 and ηµν = diag(−1,+1, · · · ,+1).
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space, like the Y I . Can this be made more precise, and if so, what is the meaning of
the tachyon potential V (T ) = τp/cosh(T/
√
2) in (1.1)?
(4) Can one provide a geometric interpretation to the process of the condensation of the
open string tachyon T? In some other cases, an open string tachyon signals the fact
that a D-brane system can lower its energy by continuously changing its shape to
a more stable configuration. An example of such a process is the reconnection of
D-branes at an angle (see e.g. fig. 13.4 in [14]). In the case of a non-BPS D-brane
decaying into a lower dimensional BPS brane, there is no known geometric picture of
the decay process, and it would be interesting to find one.
In this note we will discuss a D-brane system which might help shed light on the questions
raised above. The system involves BPS D-branes propagating in the near-horizon geometry
of Neveu-Schwarz fivebranes. We will take the four dimensional space transverse to the
fivebranes to be IR3 × S1.
From the point of view of an observer living in the 5 + 1 dimensional worldvolume of
the fivebranes, BPS D-branes in the full ten dimensional theory give rise to two kinds of
finite tension D-branes in six dimensions. One consists of D-branes whose worldvolume lies
entirely inside that of the fivebranes. Such D-branes are non-BPS – while the fivebranes
and the D-branes separately preserve sixteen supercharges, a background that contains
both breaks all supersymmetry. The second kind consists of D-branes that wrap the circle
transverse to the fivebranes. These D-branes preserve half of the supersymmetry of the
fivebranes (eight supercharges) and are BPS.
The situation here is reminiscent of that in ten dimensional string theory:
(a) In type IIA string theory, the NS5-branes preserve a chiral, (2, 0), supersymmetry in
six dimensions (an analog of the chiral, IIB supersymmetry in ten dimensions). The
BPS D-branes in the background of the fivebranes areDp-branes with even p, wrapped
around the transverse circle. From the six dimensional point of view, they have odd
dimension. Similarly, the non-BPS D-branes are Dp-branes with even p which are
localized on the circle. Thus, we find the same pattern as in ten dimensional type
IIB string theory: a chiral supersymmetry, BPS D-branes of odd dimension and non-
BPS D-branes of even dimension. Both the BPS and the non-BPS D-branes in six
dimensions have the same higher dimensional origin – they are BPS D-branes in ten
dimensions wrapped or unwrapped around the extra circle. This also explains why
the dimensions of half of them (the BPS ones) are odd, and of the other half even.
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(b) In type IIB string theory, the story is similar. The fivebranes preserve a non-chiral,
(1, 1) supersymmetry in six dimensions, an analog of the supersymmetry of ten di-
mensional type IIA string theory, and the D-branes follow the same pattern as there:
the (non-) BPS D-branes have (odd) even dimensions.
In section 2 we show that the analogy between the system of BPS D-branes propagating
near NS5-branes, and the ten dimensional system of BPS and non-BPS branes is in fact
much closer than one might have expected. The position of the branes localized on the
transverse circle (which as mentioned above are non-BPS) behaves in a strikingly similar
way to the tachyon on a non-BPS D-brane in ten dimensions. At the same time, since it
has a simple geometric interpretation, one can answer all the questions raised above. In
particular, as we show in section 3, the brane descent relations have a simple geometric
interpretation.
The similarity to the original problem suggests that some of the lessons from this
model can be applied to ten dimensional type II string theory as well. We briefly discuss
this interesting possibility in section 4.
2. D-branes near fivebranes on a transverse IR3 × S1
The dynamics of a BPS D-brane propagating in the vicinity of a stack of k NS5-
branes on a transverse IR4 resembles that of an unstable D-brane in ten dimensions [15]
(see also [16-20] for further work along these lines). Due to the gravitational attraction
of the D-brane to the fivebranes, the scalar field on the worldvolume of the D-brane that
corresponds to its distance from the fivebranes is described by a Lagrangian very similar
to (1.1), (1.2). The effective potential for this field goes exponentially to zero at short
distances (relative to
√
k) and approaches a finite constant at large distances.
Thus, the dynamics of the radial mode on a D-brane which is close to a stack of
fivebranes is very similar to that of the tachyon on a non-BPS D-brane. The behavior
near the top of the potential is different – while for the tachyon on a non-BPS brane the
potential has a maximum at a finite point in field space, for a D-brane propagating in the
background of fivebranes, the maximum of the potential is at infinity, and the form of the
potential near the maximum is different.
The main point of this note is that changing the space transverse to the fivebranes
from IR4 to IR3 × S1, leads to a system whose dynamics is remarkably similar to that of
3
BPS and non-BPS D-branes in ten dimensional type II string theory, and at the same time
is well suited for studying the questions raised in §1.
Consider a system of k NS5-branes on a transverse IR3 × S1, which we will label by
the coordinates (~Z, Y ), with ~Z ∈ IR3 and Y ∼ Y + 2πR (R is the radius of the S1). The
fivebranes are located at the point ~Z = Y = 0. The background around them is2 (see e.g.
[14])
ds2 = dxµdx
µ +H(~Z, Y )
(
d~Z2 + dY 2
)
,
e2(Φ−Φ0) = H(~Z, Y ) .
(2.1)
Here xµ ∈ IR5,1 label the worldvolume of the fivebranes. Φ0 is related to the string coupling
far from the fivebranes, gs = expΦ0. The harmonic function H in (2.1) has the form
H = 1 + k
∞∑
n=−∞
1
(Y − 2πRn)2 + ~Z2
. (2.2)
We will be interested in studying the system in the near-horizon limit, which can be defined
by rescaling all distances by a factor of gs,
Y = gsy; ~Z = gs~z; R = gsr , (2.3)
and sending gs → 0 while keeping the rescaled distances (y, ~z, r) fixed. This leads to the
background
ds2 = dxµdx
µ + h(~z, y)
(
d~z2 + dy2
)
,
e2Φ = h(~z, y) ,
(2.4)
with
h = k
∞∑
n=−∞
1
(y − 2πrn)2 + ~z2 =
k
2r|~z|
sinh(|~z|/r)
cosh(|~z|/r)− cos(y/r) . (2.5)
When the space transverse to the fivebranes is IR4, an analogous limit is usually taken
to study the dynamics on the fivebranes given by Little String Theory [21]. It has been
argued in [22] that when the transverse space includes an S1, one can also decouple the
fivebranes from the bulk. This interesting issue will not be discussed here.
Since the radius of the circle, R (2.3), goes to zero in the limit under consideration, it
is natural to ask whether performing T-duality along the circle leads to a better description
of the physics. In fact, the limit taken here is very similar to the one relevant for the T-
duality between string theory on IR5,1 ×C2/Zn and its description in terms of fivebranes
2 There is also a NS B-field, which will not play a role below.
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on a transverse IR3 × S1. As reviewed in section 4.2 of [23], the perturbative orbifold is
T-dual to a background which differs from the one considered here only in the fact that
the fivebranes are spread at equal distances on the y circle, rather than placed at the
same point. Thus, our background can be alternatively described by starting with the
perturbative orbifold and turning off the B-fields through the n− 1 minimal cycles.
This T-dual orbifold description is more useful when the fivebranes are spread around
the circle, but it is not useful in our background. The reason is that while Y naively
lives on a very small circle, near the location of the fivebranes (Y = 0) an infinite throat
develops, and the metric (2.1) becomes ds2 = kdY 2/Y 2 + · · ·. In particular, rather than
being vanishingly small, the distance to Y = 0 is infinite.
We now place a D-brane whose worldvolume is embedded entirely in IR5,1, in the
geometry (2.4), (2.5). The varying dilaton provides a potential for the D-brane, which
attracts it to the fivebranes. An unstable equilibrium can be achieved by placing the D-
brane diametrically opposite the fivebranes on the S1, at ~z = 0, y = πr, where the total
force on it vanishes. Expanding around this point, it is clear that the scalar field y(xµ) on
the D-brane is tachyonic, since the energy of the D-brane decreases when it moves towards
the fivebranes located at y = 0. The three fields ~z are massive – the string coupling
decreases, and thus the energy of the D-brane increases, as it moves away from the origin
in IR3. The mass of ~z can be calculated from the DBI action; one finds
Mz = 1/
√
3k . (2.6)
We see that a BPS D-brane placed opposite a stack ofNS5-branes on a transverse circle has
similar qualitative properties to a non-BPS D-brane in ten dimensional flat spacetime. The
NS5-brane background, which is the analog of ten dimensional flat spacetime, preserves
six dimensional Poincare symmetry and sixteen supercharges. Adding the D-brane breaks
all supersymmetry. The spectrum of open strings on the D-brane contains one tachyonic
scalar field, which in our case corresponds to y(xµ) and for the non-BPS brane in ten
dimensions is the open string tachyon T (1.1). Condensation of this tachyon leads to the
annihilation of the unstable D-brane. For the D-NS system, the D-brane falls onto the
fivebranes and is absorbed by them. This process is discussed in more detail in [15].
It is important to emphasize that the analog of the ten dimensional flat spacetime
of type II string theory in the fivebrane case is the six dimensional worldvolume of the
fivebranes. In other words, we are taking the point of view of an observer living on the
5
fivebranes.3 From this point of view, y(xµ), ~z(xµ) are non-geometrical fields on the D-
brane, and not extra directions of space, like the tachyon and massive modes living on a
non-BPS D-brane in ten dimensional flat spacetime.
The D-NS system is useful because in it one can take a “broader,” ten dimensional,
perspective, in which these fields are geometrical and their dynamics is easier to visualize.
This is especially instructive since, as we show next, the two systems are much more closely
related than one might have expected.
Our main interest here will be in the dynamics of the tachyon y(xµ) on the unstable
D-brane described above. The DBI action for this field is given by
Sp = −Tp
∫
dp+1x
1√
h
√
1 + h(y)∂µy∂µy . (2.7)
Here Tp is defined such that the tension of a BPS D-brane in flat spacetime is Tp/gs. The
harmonic function h(y) is obtained by placing the massive fields ~z at the minimum of their
potential, ~z = 0, so that (2.5) reduces to
h(y) =
k
4r2 sin2 y2r
. (2.8)
In particular, setting y = πr we see that the tension of the unstable D-brane is
τ (unstable)p =
2TpR√
kgs
. (2.9)
Note that the tension (2.9) is proportional to the radius of the circle R, despite the fact
that the D-brane is localized on it.
As in [15], we would like to bring the action (2.7) to the form (1.1). To this end, we
define a “tachyon” field T via the relation
dT
dy
=
√
h(y) =
√
k
2r sin y2r
, (2.10)
whose solution is
sinh
T√
k
= − cot y
2r
. (2.11)
This field redefinition brings the argument of the square root in (2.7) to the form (1.1).
The “tachyon potential” in (2.7) is given by the prefactor, Tp/
√
h. Rewriting it in terms
of the field T (2.11), we find
V (T ) =
τ
(unstable)
p
cosh T√
k
. (2.12)
3 As is familiar from discussions of Little String Theory.
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Thus, the full DBI Lagrangian for the unstable D-brane obtained by placing a BPS D-brane
on the opposite side of the circle from k NS5-branes is given by
Sp = −τ (unstable)p
∫
dp+1x
1
cosh T√
k
√−detG , (2.13)
where the induced metric is given again by (1.2) and the “tachyon” T parametrizes the
position of the D-brane on the y circle via (2.11). The mass of the tachyon is obtained by
expanding (2.13) around T = 0:
M2T = −
1
k
. (2.14)
Note that the Lagrangian (2.13) has almost the same form as that of an unstable D-brane
in type II string theory in ten dimensions (1.1). For k = 2 (two fivebranes), the two
Lagrangians (1.1), (2.13) are identical.4
In [12] it was emphasized that the tachyon DBI Lagrangian (1.1), (1.2) is closely
related to the usual DBI one. The construction of [15] and this section is a manifestation
of this relation. We found the tachyon DBI Lagrangian by starting with the standard DBI
one in a non-trivial gravitational potential.
3. The geometric interpretation of kinks on unstable D-branes
In the previous section we saw that a BPS D-brane placed on a circle in the vicinity
of k NS5-branes has a tachyon corresponding to its position on the circle, and that this
tachyon is described by essentially the same Lagrangian as that of a non-BPS D-brane
in ten dimensional string theory. In the latter context there are known solutions of the
equations of motion that describe lower dimensional D-branes as kinks on the worldvolume
of the non-BPS D-brane. In this section we will describe the geometric interpretation of
these solutions in our problem.
In ten dimensions, one can construct a BPS D(p−1)-brane as a kink on the worldvol-
ume of a non-BPS Dp-brane [1,5,24,25,10]. The kink is a static solution of the equations of
motion of the tachyon DBI action (1.1), for which T depends on a single spatial coordinate,
4 In [15] it was noted that for fivebranes on a transverse IR4, for k = 2 one finds the same large
T behavior of the potential in the two problems. Now we see that on IR3×S1 the two Lagrangians
coincide for all T . In particular, the mass of the open string tachyon on a non-BPS D-brane in
ten dimensions is the same as the mass of the tachyonic mode corresponding to translations along
the y circle (2.14) for a BPS D-brane moving in the background of two fivebranes.
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say xp, and satisfies the boundary conditions T → ±∞ as xp → ±∞. The kink is infinitely
thin: T = −∞ for all xp < xkink and T = +∞ for all xp > xkink. Its tension is given in
terms of the tachyon potential by
τp−1 =
∫ ∞
−∞
V (T )dT . (3.1)
One of the successes of the tachyon DBI action (1.1) is that the result (3.1) agrees exactly
with the full string theory brane descent relation.
It is natural to apply this construction to the unstable D-brane discussed in the
previous section. Plugging in the potential (2.12) into (3.1), and using (2.9), one finds
that in our case, the tension of the kink is
τp−1 = τ
(unstable)
p π
√
k =
2πRTp
gs
. (3.2)
The geometrical meaning of this kink is clear. Since the tachyon T is directly related in
our problem to position on the y circle, (2.11), the kink solution corresponds to a D-brane
which sits on top of the fivebranes,5 at y = 0, for all xp < xkink, then at x
p = xkink it goes
around the y circle and back to the fivebranes at y = 2πr (which is the same as y = 0),
where it stays for all xp > xkink. Thus, it describes a BPS D-brane wrapped around the y
circle. The tension of the kink (3.2) is indeed precisely equal to that of such a brane.
As in the case of the unstable D-brane in ten dimensions, the D-brane described
by the kink is supersymmetric. In our case this is the statement that while a system
consisting of NS5-branes stretched in the directions (x1, x2, x3, x4, x5) and a Dp-brane
stretched in (x1, · · · , xp), breaks supersymmetry completely, a system that contains the
above fivebranes and a Dp-brane stretched in (x1, · · · , xp−1, y), where y is one of the
directions transverse to the fivebranes, preserves eight of the sixteen supercharges which
are preserved by the fivebranes alone.
Note that both of the objects seen by a six dimensional observer living on the five-
branes as a non-BPS Dp-brane and a BPS D(p − 1)-brane, are the same type of object
in the underlying ten dimensional theory. Both are BPS Dp-branes oriented in different
ways on IR5,1 × S1. This explains why the BPS D-brane can appear as a kink on the
worldvolume of a non-BPS one.
5 Recall that a D-brane sitting on top of the fivebranes has energy of order one in string units,
i.e. in classical open string theory it is like no D-brane at all. See [15] for further discussion.
8
The fact that the D-brane described by the tachyon kink is supersymmetric means
that in addition to (2.13), the tachyon Lagrangian must include a Wess-Zumino term which
couples the tachyon to the appropriate RR gauge field. Of course, since the original “non-
BPS brane” corresponds from the ten dimensional perspective to a BPS Dp-brane at a
point on the y circle, it couples to the (p+1)-form RR gauge field A(p+1) in six dimensions,
via a coupling of the form ∫
Vp+1
A(p+1) . (3.3)
However, the charge corresponding to A(p+1) is not conserved in the fivebrane background
(see [15] for some further comments on this), and we will not discuss it in detail here.
The RR gauge field that is of more interest is the p-form C(p) in 5 + 1 dimensions,
obtained by taking the (p+ 1)-form A(p+1) with one of the indices being y, i.e. A(p+1) =
C(p) ∧ dy. This is the RR field that couples to a BPS Dp-brane which looks like a (p− 1)-
brane in 5 + 1 dimensions and is further wrapped around the y circle. Plugging this into
(3.3), we find that the Wess-Zumino term in question goes like
∫
Vp+1
C(p) ∧ dy . (3.4)
Using the relations (2.10)-(2.12), one finds that it is proportional to
∫
Vp+1
C(p) ∧ dTV (T ) , (3.5)
where V (T ) is the “tachyon potential” (2.12). We will not compute the overall normaliza-
tion of (3.5) here (although it would be useful to do so), since it is completely determined
by the tension (3.2) and the requirement that the kink on the non-BPS brane should cor-
respond to a BPS brane wrapped around the y circle. What is interesting is that the T
dependence of the Wess-Zumino term (3.5) is precisely the same as that for a non-BPS
D-brane in ten dimensional string theory (the latter was computed in [26]). This is one
more indication of the close relation between the dynamics of D-branes near NS5-branes,
and the dynamics of non-BPS branes in ten dimensional string theory.
In the D-NS system, the time-dependent decay of a non-BPS Dp-brane to a BPS
D(p − 1)-brane has a simple geometric interpretation. Suppose we start with a D-brane
which is stretched in a direction along the fivebranes, xp, and is unstably balanced at
y = πr. If we displace it from y = πr uniformly in xp, the D-brane will “roll” towards the
fivebranes and annihilate (as in [15]). If, on the other hand, we start with a configuration
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where y(xp) < πr for xp < xkink and y(x
p) > πr for xp > xkink, it is plausible that the
part of the D-brane with xp < xkink will approach y = 0 at late times
6, while the part with
xp > xkink will approach y = 2πr. The parts of the D-brane at y = 0, 2πr will dissolve in
the fivebranes, and only the part at xp = xkink, which wraps once around the y circle, will
remain. From the six dimensional point of view, this time evolution describes the decay
of a non-BPS Dp-brane to a BPS D(p− 1)-brane.
4. Discussion
The main result of this note is the observation that the dynamics of D-branes, which
are BPS in flat ten dimensional spacetime, propagating in the background of NS5-branes
on a transverse IR3 × S1, is remarkably similar to that of BPS and non-BPS D-branes in
ten dimensions. At the same time, the questions regarding non-BPS branes listed in §1
can be answered in this system. Let us summarize the answers.
The answer to questions (1) and (2) is that what looks to a six dimensional observer
like BPS and non-BPS branes, are in fact the same type of object – BPS D-branes in ten
dimensions wrapped or unwrapped around the extra S1. This explains why the non-BPS
branes exist, why their dimensions differ by one from the BPS ones and their tensions take
the values they do, and why they do not carry (conserved) RR charges.
The answer to question (3) is that the form of the induced metric (1.2) indeed indicates
in this case that the tachyon parametrizes an extra dimension of space. It is related to the
coordinate on the circle, y, via (2.11). The tachyon potential (2.12) is due to a gravitational
source (the NS5-branes) localized on the S1. The Wess-Zumino term on the non-BPS
brane, (3.5), has a simple interpretation, as the pullback of (3.4) to the worldvolume of
the unstable D-brane.
Finally, the answer to question (4) is positive. The homogeneous “rolling tachyon”
solution describes a D-brane falling towards the fivebranes, as in [15]. Tachyon condensa-
tion to lower dimensional branes corresponds to inhomogeneous solutions, where different
parts of the D-brane fall in different directions.
A natural question is whether all this teaches us anything about the physics of BPS
and non-BPS D-branes in ten dimensional flat spacetime. Here, the situation is much less
clear. For example, we found that the Lagrangian describing D-branes localized on the S1
6 In general, one would expect the final value of xkink to be different from its initial value.
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in the presence of k coincident fivebranes is very similar, and for two fivebranes identical,
to that of non-BPS D-branes in type II string theory in flat spacetime. This includes both
the DBI terms (1.1), (2.13), and the Wess-Zumino term (3.5).
We do not have a satisfactory explanation of this fact. The two Lagrangians were
arrived at in different ways (although the basic philosophy leading to them is similar [12])
and, more importantly, they describe different systems. It is not clear whether there is a
deeper connection between these problems.7
Whether or not there is a direct relation between the dynamics of D-branes near
fivebranes and non-BPS branes in flat spacetime, it is natural to ask whether some or all
of the lessons from the six dimensional problem can be used in the ten dimensional one.
In ten dimensions, one can run the construction of this note in reverse. Start from the
DBI action (1.1), and Wess-Zumino term (3.5) for non-BPS D-branes in ten dimensions,
define y using (2.11) (with k = 2). This brings the DBI action to the form (2.7), and
the Wess-Zumino term to the form (3.4). It seems tempting to postulate that y should
again be interpreted as an extra spatial dimension (in addition to the nine usual ones),
and h(y) (2.8) is a gravitational potential due to a source at y = 0. The BPS D-branes
would presumably again be wrapped around the y direction, which would thus have to be
compact, as in our six dimensional example.
To make this picture concrete and useful requires a better understanding of the extra
dimension parametrized by y, and the source of the gravitational potential corresponding
to h(y).
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7 It is perhaps worth pointing out another, seemingly independent, relation between the system
of k = 2 fivebranes and ten dimensional string theory. The Hagedorn temperature of the fivebrane
theory (or Little String Theory) is in this case the same as that of perturbative ten dimensional
string theory.
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